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(54) PASTE SOLDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide paste solder having 
a low melting point and reflow temperature and joining 
strength. 

SOLUTION: The paste solder is composed by mixing 
leadless solder alloy powder of an Sn-Ag-Cu system, Sn- 
Ag-Bi-Cu system or Sn-Cu system, for example, an Sn- 
3.5Ag-0.75Cu system and low m.p. solder alloy powder of an 
Sn-Bi system having the melting point lower than the 
melting point of the alloy solder described above, for 
example, an Sn-58Bi system and Sn-40Bi system. If the 
alloy powder of the low m.p. solder among the composition 
is used, the m.p. of the solder may be lowered and 
therefore, the preheating temperature for heating of printed 
circuit boards with waste heat may be kept low and in 
addition, the working temperature (peak temperature) at the 
reflow treatment is lowered and the reflow time may be 
shortened. Further, the working temperature may be 
lowered and therefore the damage of packaging parts by 
heat may be prevented and the oxidation problem of the 
parts may by overcome. In addition to these characteristics, the paste solder has the characteristic 
that the joining strength of the packaging parts may be enhanced by limiting the contents of 
bismuth. 
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* NOTICES * * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Paste solder characterized by consisting of the low-melt point point solder alloy -powder end 
of which end of a unleaded solder alloy powder, and a Sn-Bi system among a Sn-Ag-Cu system, a Sn- 
Ag-Bi-Cu system, or a Sn-Cu system. 

[Claim 2] It is the paste solder according to claim 1 characterized by using the unleaded solder of an Sn- 
3.5Ag-0.75Cu system as alloy powder of the above-mentioned Sn-Ag-Cu system unleaded solder. 
[Claim 3] It is the paste solder according to claim 1 characterized by for the content of the above- 
mentioned Bi system powder being a content which becomes lower than the melting point of the above- 
mentioned unleaded solder, and being 22 - 80 % of the weight while in the above-mentioned end of a 
Sn-Bi system low-melt point point solder alloy powder. 

[Claim 4] Paste solder according to claim 1 characterized by using the alloy powder of the low-melt 
point point solder of an Sn-58Bi system or an Sn-40Bi system as the above-mentioned Sn-Bi system 
low-melt point point solder. 

[Claim 5] Paste solder according to claim 1 characterized by mixing the alloy powder of the unleaded 
solder of the above-mentioned Sn-3.5Ag-0.75Cu system, and the alloy powder of Sn-58Bi system low- 
melt point point solder at a rate of 2: 1 . 

[Claim 6] Paste solder according to claim 1 characterized by mixing the alloy powder of the unleaded 
solder of the above-mentioned Sn-3.5Ag-0.75Cu system, the alloy powder of Sn-58Bi system low-melt 
point point solder, and the alloy powder of Sn-40Bi system low-melt point point solder at a rate of 5: 1 : 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the paste solder with which lead is not contained. By 
mixing in detail the alloy powder of unleaded solder, and the alloy powder of the low-melt point point 
solder with which lead is not contained at a predetermined rate, the melting point is low and wettability 
good paste solder is offered. 
[0002] 

[Description of the Prior Art] As everyone knows, as solder containing lead (Pb), the eutectic solder of a 
Sn-Pb system is used abundantly. That melting point of this eutectic solder is as low as about 183 
degrees C, and moreover, since wettability (compatibility) is good, it is well used as paste solder, such 
as reflow processing when soldering the mounting components to a printed circuit board. 
[0003] Recently, the attempt which uses unleaded solder is made instead of the eutectic solder 
containing this lead. As unleaded solder, unleaded solder, such as a (1) Sn-3.5Ag-0.7Cu system (2) Sn- 
2.5Ag-1.0Bi-0.5Cu system (3) Sn-0.7Cu system, is known. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, generally the melting point MP 1 of the 
unleaded solder mentioned above is high. It is known that the melting point of the unleaded solder of (1) 
is [ the melting point of the unleaded solder of 213-219 degrees C and (3) of the melting point of the 
unleaded solder of 2 1 7-220 degrees C and (2) ] 227 degrees C. 

[0005] Thus, rather than the eutectic solder which contained lead like drawing 4 , since [ far high ] 
wettability is bad, if the melting point MP 2 (1 83 degrees C) uses it for reflow processing by using 
unleaded solder as paste solder, unleaded solder is expensive in the preheating temperature over a 
printed circuit board, and must lengthen the processing time. Moreover, it is necessary to set up the 
processing time 240-250 degrees C and more highly for the temperature of a reflow region for a long 
time. The elevated temperature of this preheating region and a reflow region and long duration-ization 
(comparing Sn-Pb with ********) produce the heat deterioration of a printed circuit board or electronic 
parts, and the problem of the increment in consumption of heat energy is also caused. 
[0006] On the other hand, the solder of a Sn-Bi system is known as other unleaded solder. In the case of 
the solder containing this bismuth (Bi), it is lower than the melting point of the eutectic solder which 
contained 139-171 degrees C and lead by the case where that melting point is the former as everyone 
knows also in the case of the latter [ 139 degrees C and ]. 

[0007] Therefore, by relation with many contents of a bismuth, while it has the description that reflow 
processing is attained under low temperature, that bonding strength is weak and since [ if the soldered 
joint section of mounting components becomes 100 degrees C or more by generation of heat at the time 
of device use further, ] bonding strength will fall extremely, there is a problem said that all lack in 
dependability. Therefore, the problem which must be solved using such environment-friendly unleaded 
solder has accumulated. 

[0008] Then, this invention solves such a conventional technical problem, and especially its melting 
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point is low and it proposes paste [ with bonding strength strong moreover ] solder with sufficient 

wettability. 

[0009] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, in the paste 
solder concerning this invention indicated to claim 1, it is characterized by consisting of the low-melt 
point point solder alloy-powder end of which end of a unleaded solder alloy powder, and a Sn-Bi system 
among a Sn-Ag-Cu system, a Sn-Ag-Bi-Cu system, or a Sn-Cu system. 

[0010] In this invention, the alloy powder of the unleaded solder of a Sn-Ag-Cu system, especially the 
unleaded solder of an Sn-3.5Ag-0.75Cu system is desirable as unleaded solder. Moreover, the thing of a 
content to which the bismuth content of Sn-Bi system low-melt point point solder becomes lower than 
the melting point of the unleaded solder to mix is chosen. Specifically in a Sn-Bi system, Bi content is 
22 -80% of the weight 

[001 1] More specifically as Sn-Bi system low-melt point point solder, the alloy powder of the low-melt 
point point solder of an Sn-58Bi system or an Sn-40Bi system is desirable, if it becomes, when [ for 
which an example is shown ] 2:1 comes out comparatively and the alloy powder of the unleaded solder 
of an Sn-3.5Ag-0.75Cu system and the alloy powder of Sn-58Bi system low-melt point point solder are 
mixed, the melting point will become close to the melting point of the eutectic solder containing lead. 
Moreover, it becomes the about the same [ wettability ] as eutectic solder. 

[0012] Similarly, when the alloy powder of the unleaded solder of an Sn-3.5Ag-0.75Cu system, the 
alloy powder of Sn-58Bi system low-melt point point solder, and the alloy powder of Sn-40Bi system 
low-melt point point solder are mixed at a rate of 5: 1 : 1 , the melting point is low and the paste solder 
with which wettability has been improved can be obtained. 

[0013] Therefore, since low-temperature-izing of the preheating temperature over a printed circuit 
board, short-time-izing of a reflow region, control of working temperature, etc. can be aimed at when 
using this paste solder for reflow processing, it can be used under the same operating environment as the 
eutectic solder which has lead. Bonding strength does not fall by stopping the content of a bismuth. 
[0014] 

[Embodiment of the Invention] Then, the gestalt of 1 operation of the paste solder concerning this 
invention is explained to a detail with reference to a drawing. 

[0015] In this invention, the alloy powder of unleaded solder and the alloy powder of the low-melt point 
point solder which does not contain lead are mixed as paste solder. The low-melt point point solder to 
mix is low-melt point point solder used as the melting point lower than the melting point of unleaded 
solder. 

[0016] As unleaded solder, which alloy powder is used among a Sn-Ag-Cu system, a Sn-Ag-Bi-Cu 
system, or a Sn-Cu system. The alloy powder of a Sn-Bi system is used as low-melt point point solder. 
Since the melting point of Sn-Ag-Cu system unleaded solder is about 217-220 degrees C when using the 
low-melt point point solder of a Sn-Bi system, low-melt point point solder which serves as the melting 
point of 200 degrees C or less is mixed. 

[0017] It turns out that the content of the bismuth with which the melting point becomes 200 degrees C 
or less is 22 - 80% of the weight of within the limits so that clearly [ drawing 1 may be a graph (state 
diagram) which shows the bismuth content, the solid phase, and liquid phase relation of a Sn-Bi system 
and ] also from the liquidus line. If a bismuth content is lessened, the melting point can be lowered so 
much. However, when a content is 57 - 58 % of the weight (Sn-Bi ******) so that clearly also from 
drawing 1 , it turns out that it becomes the temperature of the lowest melting point. Therefore, these 57 - 
58 % of the weight becomes a turning point. 

[0018] Then, desirable paste solder is illustrated. However, as a Sn-Ag-Cu system, the alloy powder of 
the unleaded solder of an Sn-3.5Ag-0.75Cu system is illustrated, and the low-melt point point solder of 
an Sn-58Bi system and an Sn-40Bi system is illustrated as Sn-Bi system low-melt point point solder. 
[0019] As for the Sn-3.5Ag-0.75Cu system, Ag shows [ 3.5 % of the weight and Cu / 0.75 % of the 
weight and the 95.75 remaining % of the weight ] that it is Sn to 100 % of the weight here. Even if it is 
Sn-Bi system low-melt point point solder, it is the same, and in the case of the low-melt point point 
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solder of an Sn-58Bi system, a bismuth serves as [ remaining 42 % of the weight ] tin (Sn) at 58 % of 
the weight. 

[0020] Thinking as the combination, as shown in drawing 2 when using such unleaded solder and low- 
melt point point solder (a) Case I, the mixed powder of an II...Sn-3.5Ag-0.75Cu system (A) and an Sn- 
58Bi system (B) and the (b) case III, the mixed powder of an IV...Sn-3.5Ag-0.75Cu system (A) and an 

Sn-40Bi system (C), and the (c) case V an Sn-3.5Ag-0.75Cu system (A) and an Sn-58Bi system (B) 

-- and it is the mixed powder of an Sn-40Bi system (C). 

[0021] The example when changing a mixed ratio among such combination is shown in dxawing_2 . The 
metal presentations after melting (% of the weight) are further indicated to be a mixed ratio when 
considering as these mixed powder, and a melting process to this drawing. 

[0022] Since the low-melt point point solder of an Sn-58Bi system is mixed, melting temperature can 
make Case I, and II and V far lower than the melting temperature (1 83 degrees C) of 1 39 degrees C and 
the eutectic solder containing lead, respectively. On the other hand, in the case of Cases III and IV, since 
Sn-40Bi system low-melt point point solder is mixed, the melting temperature becomes with 
temperature (about 171 degrees C) slightly lower than the melting point of eutectic solder. 
[0023] By the way, the reflow temperature profile of the eutectic solder containing the lead known from 
the former comes to show with the drawing 3 curve Sa, and the melting point (melting point) is 183 
degrees C. In the case of the unleaded solder of an Sn-3.5Ag-0.75Cu system, the melting point becomes 
about 220 degrees C like Curve Sb, the temperature which carries out the remaining heat (preheating) of 
the printed circuit board becomes high, and the processing time starts for a long time again. Moreover, 
in a reflow region, in order to secure ****, while setting up temperature more highly, the reflow 
processing time also becomes long. 

[0024] Moreover, with the low-melt point point solder of an Sn-58Bi system, like Curve Sc, the melting 
point is as low as 139 degrees C, therefore preheating time amount is shorter than the eutectic solder 
containing lead, therefore, in the case of low-melt point point solder containing a bismuth, reflow 
temperature also becomes low. 

[0025] In this invention, although some cases can be considered as a case where the mixed powder as 
paste solder is obtained as mentioned above, in the case of the mixed powder except Cases III and IV, 
especially the case of Case V is considered. 

[0026] In the case of Case V, it is the unleaded solder of a Sn-Ag-Cu system, and a Sn-Bi system, and is 
the case where the content mixed the Sn-58Bi system and the Sn-40Bi system at a rate of 5:1 :1, 
respectively, and the paste solder which is mixed powder is generated. 

[0027] What Sn-Bi system low-melt point point solder has in within the limits whose bismuth content of 
the low-melt point point solder of the same class itself is 22 - 80 % of the weight is used. And a bismuth 
content becomes about 14 % of the weight to 100 % of the weight in the mixed final alloy powder. 
[0028] Now, the temperature profile of the paste solder mixed by ratio like Case V becomes like Curve 
Sd. In Curve Sd, time amount until temperature rises rapidly is preheating time amount, after passing 
over the melting point, profile temperature rises abruptly, until is a reflow period beginning to fall, after 
passing over a peak, and the temperature at that time turns into reflow temperature. 
[0029] With the paste solder concerning this invention, by the relation which uses the alloy powder 
which mixed low-melt point point solder, the melting point can be low and it can lower farther [ the 
reflow temperature which is working temperature ] than Curve Sb so that clearly also from this curve 
Sd. Since preheating temperature also becomes low, of course, preheating temperature and preheating 
time amount turn into the almost same time amount as the eutectic solder containing lead. 
[0030] This is because the low-melt point point solder of a Sn-Bi system starts melting previously first. 
Incidentally, since the melting point of the low-melt point point solder of an Sn-58Bi system is 139 
degrees C (eutectic temperature), the solid phase temperature is 139 degrees C in Sn-40Bi system low- 
melt point point solder and liquid phase temperature is 171 degrees C, it fuses at 171 degrees C. 
[0031] If Sn-Bi system low-melt point point solder starts sequential melting, the unleaded solder of the 
Sn-Ag-Cu system contained in the molten metal will also carry out melting diffusion gradually. For this 
reason, a Sn-Ag-Cu system unleaded solder independent twist also has low preheating temperature, and, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/21/2005 



JP,2001-259884,A [DETAILED DESCRIPTION] Page 4 of 4 

moreover, preheating time amount becomes short. And it becomes lower than the case of reflow 
temperature mist and a Sn-Ag-Cu system unleaded solder independent, and reflow time amount is also 
shortened a little so that clearly also from illustration. 

[0032] Moreover, since bonding strength can be maintained and mounting precision increases in 
connection with it by stopping the content ratio of a bismuth low in this way, the dependability of 
mounting components is securable. Since it is a low-melt point point, the wettability to mounting 
components and a printed circuit board is also improved. 

[0033] As for the gestalt of operation mentioned above, the presentation ratio uses the alloy powder of 
the unleaded solder of an Sn-3.5Ag-0.75Cu system as Sn-Ag-Cu system unleaded solder. As Sn-Bi 
system low-melt point point solder Although the presentation ratio explained taking the case of the low- 
melt point point solder of an Sn-58Bi system and an Sn-40Bi system Even if it generates alloy powder 
as unleaded solder using the unleaded solder of the Sn-Ag-Bi-Cu system containing a bismuth, and the 
unleaded solder of the Sn-Cu system except silver (Ag) besides this, the same temperature profile 
property can be acquired. 

[0034] Moreover, since it comes to fuse [ from ] by considering as Sn-Bi system low-melt point point 
[ that the content of a bismuth is 20 - 80 % of the weight as low-melt point point solder ] solder when 
always earlier than unleaded solder, the presentation ratio mentioned above is only an example. 
[0035] 

[Effect of the Invention] As explained above, in this invention, the low-melt point point solder alloy- 
powder end of a Sn-Bi system with the melting point lower than which end of a unleaded solder alloy 
powder and this end of a unleaded solder alloy powder is mixed among a Sn-Ag-Cu system, a Sn-Ag- 
Bi-Cu system, or a Sn-Cu system, and paste solder is composed. 

[0036] Since the melting point of solder can be lowered by using the alloy powder of low-melt point 
point solder while forming, the preheating temperature for carrying out the remaining heat of the printed 
circuit board can be suppressed low, and also the working temperature (peak temperature) when 
carrying out reflow processing falls, and reflow time amount can be shortened. Furthermore, since the 
wettability to mounting components or a printed circuit board is improved and also working temperature 
can be lowered, the heat damage of the mounting components by heat can be prevented, and the 
oxidation problem of components can also be conquered. 

[0037] Since reflow temperature can be suppressed low, the electric energy of a reflow furnace is 
reducible and also paste solder starts melting gradually from a low temperature side, components **** 
(Manhattan phenomenon) of components (chip) can be prevented. By getting wet, since initiation 
temperature is low, solder wettability is improved. 

[0038] It has the description of being able to raise the bonding strength of mounting components by 
restricting the content of a bismuth in addition to these descriptions. 

[0039] Therefore, when performing fixing at the time of component mounting to the printed circuit 
board carried in various electronic equipment using a reflow furnace, the paste solder concerning this 
invention is used as paste solder used for that printed circuit board, and is very suitable. 
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precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the property Fig. showing the temperature profile of a Sn-Bi system. 

[Drawing 2] It is drawing showing the relation between the compounding ratio of the paste solder of 

mixed powder, and a property. 

[Drawing 3] He is the temperature profile of paste solder. 

[Drawing 4] He is the temperature profile of the paste solder containing lead. 



[Translation done.] 
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[0007] *<ntz&>. ffiST-C 'J 7n-«l3&R«nKfc 

*4fcv^1«8**r*-4RiiL t'x?x<o^l^^ 

Mc J: 0 l^f^li^Jg^gPtf l 0 omttW 
tf =5: ^^ri MtflBrtUt IX \ ^4 . 

[0008] zzx\ zcos&micox-otcfc&nmm 

t\ Lfrt«^M6Wlvv^_xh{iX«*iesr4fc 
C0T'2b4. 
[0009] 

[HS?rf8^-t4^^g] ±Jfi«Wi*W»^4fc 
to. «3OTIltctS»t/£i«>»flBfc:*4^-^h«^ 
T'li. Sn-Ag-Cul, Sn-Ag-Bi-Cul 
Xit S n - C u %<D 0 h®tlfr<Dm&&A,t*'&M)fe 
k . Sn — B i ^«aWS^^^t»5teb»/»^4 C k 
£1$$ik-f4. 

[0010] i056WtC*J^T*l«liyWf k LTli. S 
n - A g - C u m<?MffliA,tZ> WC S n -3. 5A g - 
0.75CuiRtf«i«{i^(©^M»3fc&«JffiL^. 43tS 

*H8tt^'coit^J: 0 tft< ^4 <k p co*< 
Mtfilh . SWmzit Sn-Bi ^(CfcV >T B i 
(i. 2 2~8 0ffift%T&4. 

[ o o 1 1 ] * ommza. sn-Bi xtauutA, 

tdblXli. Sn-58B i^X«iSn-40B i ^OffiSJ 
n -3.5A g -0.75C u*a»f»l4X,rtf*>aa»*fc , 
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Sn-58Bi»ftBAtt^<*>**tt*!&«. 2: lcOH 
GXiZint * ZbizX^X. *<m&tf%i*l;A,fz#& 

[00 12]|S1^, Sn-3.5Ag-0.75Cu^<7)«| 
tBtiX,y^c^^«*5fe t . S n -58 B i aWOMHiA,***) 

, S n -40B i 5Rftll£«^*>££»* 
#.5:1: l^W^-CS^SifctCfcoT, 

[00 13] UZtf->X. ■I03'V-XM4/Uf£'J7U 

<Mm%z*mzztwx-* **>t, 

r t j: a %mmmTx-mz'Z &ztiz%h. 

[00 14] 

[0015] ^-7 UtJOit bxm 

\±A,tiey£®fi}*.b , »fcfc*fci*aaijS«iA,*f*)aA 

[00 16]«BHX«kLTfct. Sn-Ag-Cu 
5%. Sn-Ag-B i -CulXliSn-CuM(0H 

14. Sn-B i*0££tt**««eHI&*l4. Sn-Bi 
*tf5fflKjfil^««rflt»r4«^-t(4. Sn-Ag-C 
uMMMiAJC!olUM(2 17-22 QXM&X'hh<?> 
X\ 2 0 O'C&Tm&bKi 4 3^KifiliA,*f#8 

[OO17]01 14S n — B i l<0t'X7X^tli;i 
»*»J:l««aWff*«^^97 (4KfBB9) X'hiX. to 
W&frt>t>Wl>fr%£oVL. BtA* i 2 0 0 , cmTt^S 
b'XV^.^Wfi<4, 2 2~8 0**%O®HF*rt'£>l> 

&£TlfZ>ZbtfX'$Z>. fcrtfU mfrfi>t>*Mt>i)*% 
4 5 iZ-t^&ifi5 7-5 8«S% (Sn-Bi itg|g 

L£#>'->T.I<05 7-5 8fift%3&*^--V^*T'f 

[0 0 18] »H"CIF*U^-^h(4/Wft«iRt 
S. fcrtfU Sn-Ag-CuItLTIi. Sn-3.5 
Ag-0.75Cu^^S«4^*O^^5R$r^L. s 
n-B i 3WK»jfttt/Ufi: LTtt* Sn-58Bi£fc4 
S n -40 B i *mM&ii.A,ti*Wic+b . 

[00 1 9] dlC, Sn-3.5Ag-0.75Cu^t 



14. 10 0«fi%tCttL Ag#3. 5SS%. Cu*< 
0. 7 5S4%. ZlXm(T>9 5. 7 5Bfi%#Sn 
fcSLTn*. Sn-B i*<Rlt^{4^-C 
*>->-£ ^PltTC* 0, Sn -58B i *OffilMBiA,£tf> 
*§£«4, t'XVX*<5 8ftt%t\ «>34 2«fi%*< 
7X (Sn) 

[0020] j: 5 %amu,tzk mSj$tiJit<Z®. 
m-t-ZifrS. 02 tort 4 d tz*m*&to-£b LX% 

(a) ?--7 lb II- • • Sn-3.5Ag-0.75Cu& 
(A) tSn-58Bi^ (B) OS^*, 

(b) ^--XHIiilV • • • Sn-3.5Ag-0.75Cu& 
(A) tSn-40B (C) OS#l»5fcfc4tf 

(c) 7"-7V Sn-3.5Ag-0.75Cu2& 

(A) tSn — 58B i $ ( B ) b* LTSn-40B i£ 
(C) Wig^ft* 

[002D ztcmm.x.&itftm*,. m&HfriX 
tut ^mm2izm^nx^i. z<?miziiztLt> 

(Om^^bLtzb^co^imb s mmra-txb. 
[002 2] ir-xi blWXX/V\i K Sn-58B i& 

g*u 3 9-cb . misAJt^tAJsemwe. ( 1 

8 3-C) XiOitmHZl&KthZbtfX'Zl. Ztllztt 
lX?-XlUblVcr)Wr&fcl,t, Sn-40B i2M8;Ii£ 

itAJum&ztix^wc* ^<o>§l^?M^4* B B B<4^ 

t£0MiHt 0 fcffijWcffinfi« ( 1 7 l-CSJK) 

[002 3] fc£*T\ fl63fo&»fett(5>*lTV^«B**tr 
ft^t4X/^fc 7 ) U 7 D-iaSTO 7 r ■< Mm 3ig!Sa 

b) <418 3°Cf$)S. 43tSn-3.5Ag-0.75Cu 

**2 2 0*CS^i:^»), rU>hSSS:^J8i (TUt- 

ti. V7tt~mxit. illft*1lfltt-*fctf>(cttA*«tf> 
Klb&t*kftfc:. 'J 7 

[00 24 3 i/c, h'X^X^ti{SM.^MA,ti<7)m^ 
X\ Sn-58B i^^gilL)^^{4^7t!T'(4fl^SSc^4^ 
^-t^tt^^l 3 9X:tffi< . LfcA»*oT7-U t-hB# 
ratlfi^tfftf B {4^'4 0i>M^L. L*r#oTl>7 

[0025] i^JMHfctiV^tt, ±^Uc4 p fc^- 
7. h^4^7t^4: UT^S^*S:IIS7--7.t iXBofr 
(DT-xt^lhtihtK -?-0'5*>7--7.IllfcIV?:^ 

[0026] ^--^V^CJi Sn-Ag-Cuj^ 
^^liBJi/C^fi: . Sn-Bi ^T'J> oT . 
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Sn-58B i%t Sn-40B i&tZ, *il?tl5 : 
1 : 10ffteT^£LT^&3rt'&S^-XMi/W: 

too27]sn-Bi mMj&\tA,Mt. n-wm 

m&.\iA,t:8toX'<7)\zX-?A-&liM.W 2 2 ~~8 0 fit 

mm$m*X'<?> 1 o o m&%izn lt . t-x -?x 

[0 0 2 8] ST. 1r-XV<7)&o%itmZ'm£lt:'<. 

h . m>. s d ics v >r . ia®*«(c±#-r s a rm 

-f *flUEiMtJJF L b- ? Z & r T *> o &T Lttti> a * 

[0029] i<OfttRSd*>^>i,Bfl<o*>^ < fcpt:. cio 
HH*r\ Ul£#ffi< . fNIMLitr 

* 5 y 7 phb* i> m s b ± 9 «> a^tcTW 4 £ t # 

C 0 0 3 0 ] lilit. t-TS n — B i *<Offl«W»iiWf 

imzmkiWkti^x'hh, mwz. sn-58B 

iJfatiM&\*A,K<7M&l±l 3 9'C (&ASK) T\ 

s n -4ob i mki^itA.tix'^ffwmwfi 1 3 9 

rr\ iSffl/SStfl 7 rCT'£>SOT\ 1 7 l-CTitit 
[ 0 0 3 1] S n - B i jX£#JQ(%m*DI 

mi t , *0$m&mt>£is*tit sn-Ag-cu 

**MittHX«fc «ft* fc*HttaBrt-a . i ofc*> s n - 
A g - C u JMEtttiXftfJUSb J; 0 & r y t - h&£#<K 

<, L*»tryt-Mi#ra*»M<5ri.. * i/ch^s, 

fflfcaWrJ^fc, yyn-ifigk^Sn-Ag-C 
u3RINIiMXtf»««»g-J: 0 tffi< =5: *) , 'J7d-d$ 

tO 0 3 2] o fcb'xvxco^m^Srffi 

<fli;t££HCJ:oT^&g£&o,rfcA<T'£. -eft 

[0033] ±JfiUfcS5t|^)JKW±Sn-Ag-Cu» 
&Sf8(i/U:'i:LTs *<^StfJt#Sn-3.5Ag-0.75 
Cu*<G^tt££<0£^**ttflJU Sn-Bi^ 
flMAMXftffc IT . *<mf£ittfS n -58B i gfc S 
n-40B i «OfilW»i^*«fc:t oTKHLfc**, 



- A g - B i - C u jRO*tt&t«*. %(Ag)^l 
l^Sn-C u3R<0»ffll4/^fctt« LT-£&l»*£4i 
*LT t ISMJMrfflJfltro 7H >W*tt*1»4 i t 

[0034] LXitt'X vxi^f 

W20-80UXOSn-B liMHMUfcWffc-f- 
5 i fc (Cck or . tt£ftttttX,£ J: 0 fc*irtfWM»6S 

[0035] 

[»»^^]fiLfca^LfeJ:"3t:ioSHHr*li. Sn 
-Ag-Cul Sn-Ag-B i-Cu^X(iSn- 
C u -3 % Wl^^4/Wf*A»*i: . icoine 
li/W*£Aft* J: 0 Hi^^V ^ S n - B i ^coffiH^ 
UXtf*A»*fc LT^-7. M4A,«*ffl«Lfc 

&<or&6. 

[oo36] w&tt<7> o *>. fflawa±x^f<o^^»** 
^w, ry y h&&£#$kt& theory b-h?s 

»<r***. Sotc, i^a5^ryyhs«{cwa 

ftPHifcjsaRr-**. 

[0037] \}7a-MSM&<ntlZkiK*l1r> 
Wz\t^m>t,®«£msk£mttfrt&<r)X\ S!b d b (f- 

[0 0 38] Ztlt><V%mizMi-X. VXIxn&Rjk 

mmthz ttcto r n^^cT^^gg^^s^s i 

[003 9] Ufc36*ori«SBHfc«&^-^httyWf 

m<m&zv7n-ff>t:m\,\xfto£o%®iiiz. * 
(orvyhmnzm^m^-xhit^tft ixm 
ixmtbxffflT$>& . 

[01] Sn-Bi5Roiafltrn7r-fA'**t1tttH 
rftl). 

[02] a£»*m-x h idXtfwB^ifc ttt&to 
m&z^-tfflxhz. 

m3]^~xH$.A,tz<7)im.Tn7T4)VX'hh. 
[04] ^^-x h tiX,rtfcojB«7n 7r^/P 



* 
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